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(54) CnOCOB M3rOTOB/lEHH9 rOcpPMPO- 
BAHHOrO CTAJIbHOrO n/lACTblP?^ 
(ST^CyiUMocTb M3o6peTeMi4»: TepMoo6pa6oTKy 
n/iacTwpfl TOKaMM bwcokoi^ wacroTbi ocymecT- 
annioT nocne ro<t)pMpoBa«w»» a cMasoMMu*^ 
ciioft HaHOCflT nOBTOpHo noc/ie oK/i3>KAeHMp. 
npCAnaraeMWPi cnocoB nosaonneT aa c^er no- 
BMuieHMH n/iacTMMMUx CBoACTB MCTan/ia Ha- 
AexHO o6ecneMMTb repMeTwaauMK) 
peMOHTMpyeMoro ysacxKa ciCBaJKwaw. 1 laon. 



l1do6pemHvte othocwtcp k oSpaSoTxe ne* 
Tanna ABBneHiieM, a uacTHOCTrt < lexHonorMw 
MsrOToa/ieHUR fo<t>pMpoBaMHbix Tpy6* 

OcHOBHUMvi onepauMJiMw B TexHonorMM0- 

CKOM npOUeCCe H3rOTOBneHM« TOHK0CTeHH«4X 

ro<t>PMpoBaHHbix Tpy6 RByinctcn xonoAMaa Ae- 
^topMAMMH. HanpitMep aoiioMeMUte m npoicaTKa 
Tpyt, xMMMsecKaR o5pa6oTKa. TepMHMecKan 
o6pa60Tica jxn^ ch^tmw ocTarOMKMX Hanp^xe- 
Hvi^. BOSHMicaioiuwix B pesy/ibTBte Ae4>opMa- 

l(VIM M np04ivl/WpOB3HMSl MBTOAOM HBlCaTlCM. 

l/laaectaH cnoco6 waroroaiicHMW xpyC c 
npoAonbMirfMM ro4>paMi4 nyreM AayxsTanHoro 
4>opMOBaHMn Tpy6w-3aroTOBKw. npwMeM mb 
nepBOM arane ee ro4>pMpyiOT paAwaAbnyMw 
ycwnwRMM. a HB BTOPOM sTane oO^wMaioT b 
npo<t>vi/iMpOBaMMoA BO/«oice. 

Oambco eo3Hwxa«iiuMC e peaynbTare 
cnoMCHOA Ae4>opMauHrt ociaTOHMbie nanpHMO- 
HMn Me Aa»07 AoctaiOMHOki nonepCHMOft npoM* 
HOCTM. Mtsiann CTaHOBMTCJi xpynKwM h 



HenpMfOAeH b xaMecTBe .liiactbips* npvi pewOM- 
T8 o6caAHOft KO;ioHMw a CKea^KiAHe. 

cHATVin ocTBTOMHbJX HdnpsiiKeMMi4 rpy- 
6wnoABCpr8iOTTepMMMecKO«^ o6pa5oTKe - ot- 
jKwy B nesax Twna nCO-06 Mitw r^O-09 w 
nonyseHiia na tpydax oicwCMoCi nficnicM, bw- 
no/iMfl»oiueM <()yMx^ww noAMaaoMHoro noKpw- 
TMB M o6naAaiome(» aoctbtomhom 
nopMCTOCTbio M aACOp6uMOWHOi* cnoco6HO- 
ctbio K CKiaaxe. 

MaaecTeM yaioKe cn6co5, npvi kotopom 
TOMKOCtcwHwB npo4>MnbHwe Tpy6w npaajiT 
pacni3KeHMeM w pa3A3**eR c HarpeeoM na sack- 
TporepMHMCCKOM oftopyAOBBHiiH, CHa^ana aa- 
rOTOBicy Tpy6w narpeaaiOT roKawui 
conpOTMB/wMMrt AO reMnepaiypt.! oxxwra. a 
SBTCM nocne ox/ia)KAeHM» paaAaioT npw noMo 
lUM KOHVfMecfcoA onpaBKM. 

HfiAOCraTO*: cnoco6a aaicinoMaeJCji a tom. 
HTO npfi nanoKeHMM fiAacTwpJ^ MS HeoTOxcxen- 
Hbix Toy6 5405«eT npowcxoAwTh paapus no 
opO^M/ibHOtf^ oopaayiouiert. a npw nsno^envivx 



I 



JFITTT 



1749267 



n/»acTbipfl vi3 oTox)iceHMWx Tpy6 c nocne/iyio- 
muM ro4>pM:po8aMMeM mokct npOMCxo/jwiTb 06- 
pdaoeaHMe.MiflKpoipemwH bo enaAMwax vi na 
Bwcrynax npOAOfltoHbix ro<J>p opvi AecfropMauvin 

MX AO UMnWHAPWMeCKOti <t)OpMbK KOfAa 66 nnOT* 

MO npM)KviMaiOT (HaKaTbraajOT) AOpHnpyiomet^ 
fonOBKOvi K BMyTpeHHeiJ^ noeepxMOCTM o6caA- 
MOA KO/iOHMW. B pe3y/itTare ne o6€cneHMBa- 
etcft MaACiKHOCTb repMerwaauMM wa-aa 
HM3K0(?» n/iiacTiiMHOCTM Mcxan/ia rotppwpoeaH- 
HOro n/iacTwp«. 

UeAbio M3o6peTeHMfl flB/ifteTc« noBwiue- 
HMe HaAe>KHOc™ repMeiMaauMii o6ca)KeHMOi?i 
CKB3)KMHU nyrcM noabiiueHun nnacnmMOCTw 
Metanna n/iacTwpa, 

CyiuHOCTb w3o6peTeHiifl aaK/ifOMaeicfl a 

TOM. HTO TepM006pa60TKy TOKaMH BMCQKOM Ma- 

CTOTw ocyiiueCTBnflm nocne ro<l>pMpoBaHWJi. a 
^saicM noBTopHO naHOCflx CMasoMHu*^ cno^. 

B peavrtbtate aHaKonepeweHHbix Ae<}>op- 
wauHft, KOTOpwM noAoepraeic« Meranfla rpyS 
npw ro<}>pi^.pOBaHMii icaic & npouecce waroTOB- 
/leMMfl nnacYbipeC^. raK m npw paaAase a npo- 
uecce VCiaMOBKVi B CKBaXCHHaX. npOHCXOAWT 

3HaMviTenbHoe ynpoMHeHwe Metanna. npwscM 
Maw6o/ibiune 3HaMeHM« ynpOHHeHUvi npuiKOA" 
»TCfl Ma enaAi^Hbi ro<t)pMpoBaHHbix rpyS. 

MaMeneHMe TBepAOCTw (Hv) cranw MapKM 
10 npM TepMOo5pa5oTKe. ro<t>pnpoeaHMvi m 
pasAa^e rinacxbiprt noKaaano b raSnvme. 

m raenviubi bwaho. MToxeepAOCTb Mcran- 
na nnacTb^pi^ nocna pasAami b o6caAHOi^ Tpy- 
6e AOCTwraei HaM6onbUiMx SHaMeHwC*. cc/iM 
nnacTbipb waroTaenvtsancH vi3 HeTepMOo6pa- 
6oTaHHOfi xpyBw, flpn vtaroToaneHviM nnactw- 
peft MS npeABap*iTe/»bHO TepMoo6pa6oTaMHbix 
Kpyr/ibix Tpy6 npM ro<t>pvipoBaMviM TsepAOCTb 

MeCKOrtbKOCHMJKaeTCfl nocpaBMeHMioc KCTCp- 

MOo6pa5oT9HHbiMi/i 3aroTOBKaMi/i. HO nocne 
pasAaHM TBCpAOcfb B03pacTaer homtm ao Toi?i 
BenviMMHW; mto w 6e3 T€pMOo6pa6oTKM. no- 
cne YepMMHecKOwi o6pa6oTicw ro<|)pvipOBaHHwx 
Tpy6 c M^arpeBOM ToxaMn bucokom MacTOTW 
TBOpAOCTb MX cHvt>KaeTC« 3HaHWTe/ibHO, a no- 
cne pasAftHM ona MeMbiue. mgm y HerepMOoe- 
paGotaHHbix. 

B oinnHvie ot neMHoro wnw raaoBoro Ha- 
rpeBa npn o5pa5oTKe saroxoBKH toxaMVi bwcO- 
KOi* MacTOTM npOMCXOAMT HeanaHMTenbHoe 
M3MeHeK%te 4>opMw ee npo4>wn«. Ha nOBepxHo- 
crvt Tpy6u oBpaayetcfl tomkvh^ cnoi^ oxanwHW. 
KOTOpbii^He oTcnawBaeTcw b npouecce Ae4>op- 
MauMM - oasAaMM. CMa30MHww cnow naHOCWT- 
CP Ma BHyxpeMHioio noaepxHOCTb 
OTO)K)XCMHblX npoAonbHO-ro<|)pvipoBaHMbix 
Tpy6 nocne vixoxna)KAeHM«. Oh npeAOXpan^eT 
BMyrpeMniOio noBepxMOCTb or KOppoanOHHoro 
paspyujCHMji a npouecce aKcnnyaTauviui m chm- 
)iceHMR oceobix ycwniflH a npouecce paaAaMw 
nnaCTMpet^. 



n p M M e p. JXn^ peMOHTa oGcbahoh ko- 
noHMbi A^awerpoM 1 46 mm c to/iiuhhom crenicw 
8 MM nnaCTbipb MarorasnHBaiOT via tohkoctcm- 
HoA Tpy6bi iinaMerpOM 130 mm c toaoimhoi:^ 
5 cTeHKvi 3 MM w3 ctanH MapKM 10. Annna ipySw 
9-11.5 M. 

Ha BHyTpeHHioK) nOBepxHocTb Tpy6u na- 
HocfiT c/iovi rpa(J)i^TOBOM Jinn Apyroi^ CMaaxM. 
npeAHaaHascHHOvi nnii CHMxeHWB ycvinwPi rofp- 
10 pwpoBaHMfl. ro<|)pHpoaaHiHe u^nHHApM^ecxo^* 
tpyObt npon3BOAflx Ha cneuManbHoi^ ycTanoB- 
xe nepea ponHKoeyio ronoBKy c BHyxpeHHevi 
npo<t>wnbHOi;^ onpaexoPi. nonyMaercB npOAonb- 
HO-ro<l)pvipOBaHMa» Tpy6a c napyxHwM Ana- 
15 MeipOM 1 16 MM H HHcnoM ro4)p 6 wnwi 8. SaxeM 
npov»3BOAM'rcfl pHXToaxa ro<t)pnpoBaMHO^Tpy- 
Cw nocne oTpeaxn ee na aaAanMyio Annny. 

SaieM npow360A^»TCR xepMviMecKaR o6pa- 
6oTKa npOAonbHO-ro<t>pwpOGaHHOi?t Tpy6bi - 
20 HopMann3auM« c HarpeaoM roxaMw bwcoko^ 
MacToTbt Ha yctanOBxe BMP 30/6. Hpvi stom 
npoAO/ibH0-roc{jpvip0BaHHafl rpyOa ycTanaa- 
AMBBeTCfl ropviaoHTa/ibHO na po/imkobux ono- 
pax n c onpeAenCHMOt^ cxopoctbio 
25 npoABviraeTCfl sepea wHAyxrop, 

Oxna>KAeHMe Tpy5u npowaaoAWTcsi na 
B03AVxe. CMaaxa. xoxopan ewna HaHecena ne- 
peA ro(t>pMpoBaHMeM. Bwropaex. 

Tax xax a CKoa>xMHe npn ycxanoBxe nna- 
30 cxbip« a MHxepBanc peMOHia npowsBOAwxcfi 
pa3Aa^^ nnacxbipfl ao xpyr/iovi <J)opMbi m npw- 
>KawR K cxeHxe o6caAHOw xpy5w, xo npw stom 
B03HwxaiOT eoAbUJue KOHxaxxHbie narpyaxn 
Me)KAy n/i8CxwpeM w wHCxpyMenxoM a^« paa- 
36 AaMH. /Inn CHiixeHH» axwx narpysox na anyx- 
peHHioK) nOBep^HOcxb nnacxwprt MaHocMxc» 

BTOpWMHO CMa30MHWl?» CnOPl, XQXOpWV^ cny)Kwx 

xax AHH CHw;xeHviJi ycunnPi, BoaHHxaiomHx npti 
pa3Aa*<C nnacxbip«, xax h aaa npeAOxpaneHwfl 
40 3xort noaepxHocxM ox xoppoauOHHoro paapy 
menm e npouecce axcnnyaxaui^w. 

Co^exaHna xepMwsecxov^ o5pa6oxKvi nna- 
CTwpeft nocne ro<t)pMpoBaMMfl w HaHfjcenwe 
CMaaoMHoro cnosi na enyxpeHHioio noeewx- 
45 HOCXb nocne xepMMMeCKOft o6pa5oxxM no3BO- 
ni»K>x noBwcuxb niiacTi4MHOCXb Mexanna 
nnacTup oSecneMwXb GnaroAapa axoMy na- 
Ae>XHOCTt. repMexMaauwvi peMOHXnpyeMo:?i 

' CKBa>KVtHbl. 
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<X> opMyna vi3o6pexeHi4B 



Cnoco5 M3roxoBneHM« ro<t>pMp06aMHoro 
cxanbHoro nnacxwpft. npewMymecTaeHHO AnB 
55 peMOHxa o6ca>xeHHoA cxsapKi/iHW. axnto^aio- 
mni^i TepMOo6paf3oxKy aaroxoaxH. HaneceHMe 
CMaaOMHoro cnM na BnyrpeHHioio noeepxHocTb 
aaroTOBXM M ee ro4>pv.pOBaMwe. o x n w m a k) lu w 
c fl xeM. ^nx). c uenwo noewmeMHw naAc^xHOcxu 
repMCTMaauMM o6ca>xeHKOti ckb-ixmhu nyreM no- 
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BbiiueMMR nfidCTMHHocrii MCTanna nnacTwp*!. ocyiueCTsnniOT noc/ie ro<>r»^PoedHMfl. a aoTew 

YepM006pA60TKy TOltaMM BWCOKOrt saCTOTU nOBTOpHO MaMOCflT CMaaO^r^blrt C/IOM. 



MCXOAHOe COCTOR- 

MMe MaTcpnana 


Bma 06D860TKH 


Ao ro^pMpoeaHHsi 


riocne ro4>p«pc>- I 
aaHHSB 


TdpM006pa6orKa 
noc/te ro^ypHpoaa: 
MMp (HopMdnMaa- 
UMfl) c HarpeBOM 

TOICaMH BblCO- 
KOW MaCTOTbll 


noc/16 paaAa'^^^ 


Eea repMOoGpa* 
60T1CM 


1570 


1750 




2020 


C TCpM006pa60T- 


1350 


1660 




1966 


Bea T6pMoo6p8- 
6OT1CM 


j 1570 


1750 


13S0 


1750 
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(54) A METHOD FOR 
MANUFACTURE OF CORRUGATED 
STEEL PATCH 

(57) Essence of the invention: heat 
treatment of a patch by high-firequency 
currents is performed after corrugation, 
and a lubricant layer is applied again after 
cooling. The proposed method, as a 
result of the improvement in plastic 
properties of the metal, makes it possible 
to reliably provide leaktightness of the 
section of the well under repair. 1 table. 
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The invention relates to pressure treatment of metal, in particular to the technology for 
manufacture of corrugated tubes. 

The basic operations in the production process for manufacture of thin-walled 
corrugated tubes is cold working, such as drawing and rolling of tubing, chemical treatment, 
heat treatment to remove residual stresses arising as a result of deformation, and roll forming. 

A method is known for manufacture of tubes with longitudinal flutes by means of a 
two-stage process of forming a tube blank, where in the first stage the blank is fluted by radial 
forces and in the second stage it is reduced in a shaped drawing die. 

However, the residual stresses arising as a result of complex deformation do not 
provide sufficient transverse strength, the metal becomes brittle and 
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unsuitable as a patch when repairing casing downhole. 

To remove residual stresses, the tubes are subjected to heat treatment (annealing in 
PSO-06 or PSO-09 furnaces) and an oxide film is achieved on the tubes, fulfilling the function 
of a first coat of lubricant and having sufficient porosity and adsorption capacity for lubricant. 

A method is also known in which thin-walled shaped tubes are straightened out by 
stretching and expanding with heat on electrothermal equipment. First the tube blank is heated 
by resistance currents up to the annealing tmperature, and then after cooling it is expanded 
using a conical mandrel. 

A disadvantage of the method is that, when a patch made fi-om unannealed tubes is 
apptied, failure may occur along the generatrix of the profile, and when a patch is applied 
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that is made from annealed tubes followed by corrugation, microcracks may form in grooves 
and ridges of the longitudinal corrugations when they are deformed to a cylindrical shape, 
when it is tightly squeezed (rolled) by the coring head against the inner surface of the casing. 
As a result, the reliability of the leaktight sealing is not assured, due to the low plasticity of the 
metal in the corrugated patch. 

The aim of the invention is to improve the reliability of leaktight sealing of a cased well 
by increasing the plasticity of the metal in the patch. 

The essence of the invention is that heat treatment by high-frequency currents is 
performed after corrugation, and then a lubricant layer is applied again. 

Because the strains to which the metal of the tubes is subjected during corrugation are 
of variable sign both during manufacture of the patches and during expansion in the process of 
downhole placement, significant hardening of the metal occurs, where the greatest hardemng 
occurs in the grooves of the corrugated tubes. 

The table shows the change in hardness (Hv) of grade 10 steel with heat treatment, 
corrugation, and expansion of the patch. 

From the table we see that the hardness of the metal in the patch after expanding in a 
casing reaches the highest values if the patch is made from non-heat-treated tubes. When the 
patch is made from pre-heat-treated round tubes, upon corrugation the hardness slightly 
decreases compared with non-heat-treated blanks, but after expansion, the hardness increases 
to almost the same value as without heat treatment. After heat treatment of corrugated tubing 
with heating by high-frequency currents, their hardness decreases significantly, while after 
expansion the hardness is less than for non-heat-treated tubes. 

In contrast to fiimace or gas heating, when a blank is treated with high-frequency 
currents, an insignificant change in the shape of its profile occurs, a thin layer of scale is 
formed on the surftice of the tube, which does not flake off during deformation— expansion. A 
lubricant layer is applied to the inner surface of annealed longitudinally corrugated tubes after 
they have cooled. It protects the inner surface from corrosive failure during use and reduces 
the axial forces during expansion of the patch. 
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Example. For repair of a casing of diameter 146 mm with wall thickness 8 mm, a patch 
is made from thin-walled tubing of diameter 130 mm with wall thickness 3 mm, made of grade 
10 steel. Tube length is 9-11.5 m. 

On the inner surface of the tube, a layer of graphite or other lubricant is applied, 
designed to reduce corrugation stresses. Corrugation of cylindrical tubing is carried out on a 
special apparatus through a roller head with internal shaped mandrel Longitudinally 
corrugated tubing is obtained with outer diameter 1 16 mm and number of corrugations equal 
to 6 or 8. Then the corrugated tubing is straightened after it is cut to the specified length. 

Then heat treatment of the longitudinally corrugated tubing is carried out: normalizing 
with heating by high-frequency currents on a VChG 30/6 apparatus. In this case, the 
longitudinally corrugated tubing is placed horizontally on roller bearings and is advanced 
toward the induction furnace at a certain speed. 

The tubing is cooled in air. The lubricant that was applied before corrugation is burned 

off 

Since when the patch is placed in the repair interval downhole, the patch is expanded 
to a round shape and pressed against the wall of the casing, in this case large contact loads 
arise between the patch and the expansion tool. To reduce these loads, a lubricant layer is 
applied on the inner surface of the patch, which serves both to reduce the forces arising during 
expansion of the patch and to protect this surface from corrosive failure during use. 

The combination of heat treatment of the patch after corrugation and application of a 
lubricant layer on the inner surface after heat treatment makes it possible to increase the 
plasticity of the metal in the patch and to accordingly ensure the reliability of the leaktight 
sealing of the repaired casing. 

Claim 

A method for manufacture of corrugated steel patch, preferably for repair of a cased 
well, including heat treatment of a blank, application of a lubricant layer on the inner surface 
of the blank and its corrugation, distinguished by the fact that, with the aim of improving the 
reliability of leaktight sealing of a cased well by 
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increasing the plasticity of the metal in the patch, heat treatment by high-frequency currents 
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is carried out after corrugation and then a lubricant layer is again applied. 



[table under columns S and 6] 



Original state of the 
material 


Type of treatment 




Before 
corrugation 


After 
corrugation 


Heat treatment 
after corrugation 
(normalizing) with 

heating by high- 
frequency currents 


After 
expansion 


No heat treatment 


1570 


1750 




2020 


With heat treatment 


1350 


1660 




1966 


No heat treatment 


1570 


1750 


1350 


1750 
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